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NOMINAL
LAUNCH MODE

DELTA -V MODE

SCIENCE MODE

CONTINGENCY

SURVIVAL MODE

Spacecraft Modes

Pre- Launch Launch/Ascent
Preparing to or firing Attitude Control / Delta V thrusters
Spacecraft bus fully configured to support science data

collection and transmission via Ku band to TDRSS

Power critical / minimal power configuration

essential spacecraft functions
Loads shed

SAFE HOLD MODE

Attitude Control Electronics controlling SC attitude
SCC may or may not be operational

Ground
Command

Ground
Command

Ground
Command

FDIR

Ground
Command

FDIR

Ground
Command

Ground
Command

Ground
Command

Ground
Command

Ground
Command

Ground
Command




Nominal Operation

TDRSS
2to03 8to 12 min contacts per orbit
SSA 16Kbps HK telemetry 10Kbps command
KSA 150Mbps SSR playback

Direct X Band
as scheduled (ATC load)
Direct Broadcast
Direct Broadcast / Direct Down Link

Spacecraft Subsystems
GN&C - Earth Pointing Star Trackers Reaction Wheels
Power - Daylight(charge/shunt) Night (discharge)
C&DH - SCC control SSR science record




CERES

MISR
MODIS
MOPITT

EOS -AM 1 TYPICAL SCIENCE ORBIT

TDRSS WEST

[ ]

| digghl |

[ ]

diagnostic dumplll |

[ science Playback

Science Record

LoadE

WAct Log dump

W Table dump

Discharge

Charge/ Shunt

| Discharge |

Earth Point Fine (SSSTs) (RWAYS)

Cross track

BiAxid




INSTRUMENT OPERATIONS

MISR

Instrument operates continuously
 Science Mode

- Global Mode
- Local Configuration (as req)
- Engineering Configuration
(dark side)
- Calibration Configuration
Over poles (~13 min each
once per month)
On dark side (~3 min
once per month)
Command Requirements
¢ Instrument Computer

- Memory load after power ON
* SCC

- Stored command used to execute
activities within 1 day window

- TMONS (3)

MOPITT

Instrument operates continuously

» Science Mode (day & night)

« Calibration
- Short Calibration with normal scan
- Long Calibration (once/month)

Command Requirements
* Instrument Computer
- loads as required
* SCC
- Minimal stored command usage
- TMONSs (6)

ASTER (VNIR, SWIR, TIR)

operates limited time (day & night)

* V/S/T Observation Mode
- preparation (~6.5 min)
- observation (2 - 16 min)
- stereo (1 min)
- standby (40 sec)
» Other Science Modes (e.g,)
- TIR (<21 min , night)
- divided V/S/T (<19.5 min)
- divided S/T (<25 min)
- VNIR complete stereo (<18 min)
* Pointing Mode for VNIR & SWIR
(part of obsv mode for TIR)
« Calibration Mode
- every 17 days VNIR & SWIR (daytime)
- every 17 days TIR long cal (nighttime)

Command Requirements
« SCC
- Activity, instrument operations &
control CMDs/sequences all
stored in SCC
Loaded once per day
- Estimated SCC commands
1050 ATC (under review)
28 RTCS
- TMONS (7)

CERES

Both Instruments operates continuously

« Cross track operating mode
- continuous scan day & night
- periodic (~2 weeks) calibration

« BiAxial operation
- continuous scan, interupted twice

per orbit with sun-avoidance "short scan"

- periodic (~2 weeks) calibration

Command Requirements

* Instrument Computer
- loads as required
* SCC

- Short scan start/stop commands
(loaded once per day)
- TMONSs (15)

MODIS

Instrument operates continuously
« Science Mode

- All Bands during day (50% of orbit)
Bands 20 - 36 during night
(50% of orbit)
« Calibration

- 17 internal cal activities as req
using 3 targets and electronics changes
(BB, SRCA, SD, ECAL)

Command Requirements
* Instrument Computer
- loads as required

«SCC
- Daily command load
- TMONSs (1)(TBR)




COMMAND EXECUTION VERIFICATION

Heater A "ON" CTIU address EOC | Preamble [ StrtSeq | CodeBlk | | CodeBlk | Tail Seq |

RT [
EBnet

- Bit Pattern

Preamble

Constraints

J] > receive | > active CTIU

S-Band
Transponder CLCW

~

Subsystem

r '.{/ transmit

command sequence counter +1

I— CLCW
DECOM/

heater A "& Display EBnet EDOS
| HK PACKET

| sync] PriHdr [MPDU Har | Data | cccw [R-s |

Command Validation - CCSDS Command Execution Verification - end item telemetry




SSR FUNCTIONS & FEATURES

Low Power

Science Data Record
overwrite (ena/ disable)

Science Data Playback

Science Data Replay

HK Record

HK Playback (256kbps / 512 kbps)

* Memory Configuration
Default
Add / Delete Supersets
Memory Power Control
* Builtin Test
* Interface control

VCID ---> Channel (buffer) sort map hard wired

5 Science Channels (buffers) (by VCID)

1 Trash buffer (undesignated VCIDs)

Fill CADUs not stored

Spare memory

Resizable buffers

Overwrite protection (commandable)
Record counter (# of EDUs / EDU Blocks)
Playback counter (# of EDUs/ EDU Blocks)
Start of playback pointer

5 old EDUs backup each Science buffer PB

Reconmended Buffer sizing

Buf f er Supersets Size G gi bits
HK 1 1.4

Tr ash 1.46

LRS 1. 46
CERES
MOPI TT
HK

Ancil l ary

M SR 23. 40
MODI S 42. 41
ASTER 102. 36

172. 55
Buf f er Desi gnati on Reconmended

eash 0000
M SR 0010 MODI S
MODI S 0011 M SR

LRS
ASTER 0100 ASTER




HK (5)

|:| overwrite

SOLID STATE RECORDER BUFFERS

oo

L T

Science
Data
Input

LRS (O

|:| overwrite

MODIS (3)
D overwrite

ASTER (4)
|:| overwrite

MISR (2)
D overwrite

Spare

Trash (0]

[Joverwrite

Playback sequence

3121

4

REC(

Record Counter :|

PlaybackCounter :|

o

AV4

= s O>F

CADU




DAS (X-Band) Operations

DB Schedule .
DDL Schedule Daily stored command load

Direct Broadcast (DB) continuous MODIS data (13.125 mbps)
XBand | & Q channel

Configuration change via stored commands
@ start of ASTER active data session
Direct Broadcast / Direct DownLink (DB /DDL) MODIS data (13.125 mbps) | channel

ASTER data (105mbps) Q channel

Configuration change via stored commands
@ end of ASTER active data session

Direct Broadcast (DB) continuous MODIS data (13.125 mbps)
XBand | & Q channel

Configuration change via stored commands
@ DSN interference site

X Band SSPA OFF

Configuration change via stored commands
@ clear of DSN interference site

continuous MODIS data (13.125 mbps)
X Band SSPA ON XBand | & Qchannel

Direct Downlink X Band switching scheduled via FOT planned Stored Commands




Solar Array Sun Tracking

Array Drive Electronics (ADE) Operations

 NORMAL
SA Position POT

\

Telemetry

Forward / Reverse

SAD Failure 0,1,2,3 X
Detection w adjustment
SCC FSwW

Ground Monitor
& Analyze Ground Commands

e SAFE HOLD
e Earth Pointing

ADE
0,1,2 X
e Sun Pointing

SA driven at 3X to index position and stopped
signal ACE (@ index)

Flight Operations monitor SAD ADE Telemetry
Monitor tracking error -- compute required w
Command updated m




FSW Operations

To SCC/FSW From SCC/FSW
Commands Telemetry
Table loads Table Dumps
Patches Activity Log
Data

EOC

Tabl es, Fil es,
Commands

Requests for FSW services for FSW

/ \GN&C Data
EOS AM-1 Software ﬁ )

Development Facility

TDRS, SC

Tables, Files, Commands + * Orbit Vectors

— for FSW

EOS AM-1
Software / ey

Test Bed

Flight

Flight
Software
Test Bed




Spacecraft Processors

Loadable Spacecraft Processors

Command and Telemetry Interface Unit (CTIU 1 CTIU 2)
Bus Utilization Table
Code Patch

Spacecraft Control Computer (SCC 1 SCC 2)
Tables
Code Patch

Solid State Star Tracker (SSST 1 SSST 2)
Calibration Table
Code Patch

Instrument Micro Processors

MODIS CERES F MOPITT
MISR CERES A

Tables
Code Patch




SCC / FSW Operations

Spacecraft Control Computer
Flight Software Subsystem (FSWS)
( Power & Thermal N OS/EXEC Navigation

( TDRS Vectors )
. J ( TONS) (Back up SC Vector)

/~ Command Telemetry & Control N\

/ Attitude Determination and Control

Carc)Cric) p— <
Firmware —
\_(_tmon / FoIR ) (Activity Log) ) ( > \( HGA Pointing )

Table & Memory Nominal SCC

Dump HK Telemetry

Stored Command Table if Necessary

Relative Time Cmd Sequences
TDRS Orbit Vectors (4) Stored Cmd Pointer location
SC Orbit Vector (Backup) Activity Log RTCS Activity N

TLM Monitor Tables TMON / FDIR Activity

Activity Log (trickle
FDIR Tables . Dump Request Table by Name y Log ( )
HGA Pointing instructions

Dump Request Data location

Table or
Memory Load
provided with
CRC

Pass or Fail bit

in TIm
If Pass use Table & Memory

Table or Data Loads
(CRC)

Dump /

Compare 16Kbps 16Kbps

verification 10Kbps Diagnostic Housekeeping
not necessary Command Channel Telemetry

Channel




Stored Command Load Process

COMMANDS
Single commands effect discrete functions in FSW
TABLE LOADS
Load table xxx FSW knows table location
Load table xxx Start @ word yyy # of words zzz
MEMORY LOADS Dump Table
Load at address XxXxxxx # of words zzz Dump Memory

LOAD VERIFICATION
CRC (up to 4Kk) for load integrity

CRC over table or section of memory
for load integrity

Data ID in dump header

Example Stored Command Load

COMMAND TLM Resp
Before Load .

Load 4k section CRC "X
Load init Load 4k section CRC "XX"
Load 4k section CRC "XX"

—Day 2 Noon

CRC Check entire load CRC XXXXXXX

B After Load

[ Day 1 Noon I Day 3 3 pm

[ Day 2 Noon,

I = Day 23 pm

Dav 3 Noon
|:| Executed Commands
[ Future Commands e =

] New Stored Commands 4k load section
- End of Load Commands End of Load Commands




FSW Telemetry Monitor (TMON)

—— Execution Freq

TMON Group

75 TMON Groups ON/OEE

Telemetry Point or
Memory location

Limit Value J
\ Test #1
_ SubGroup
i i Test #N

PNT PNT —1 = Perform next test

JSG JSG - Jump to sub group

INL INL P Inlimits
identical to OOL2 side OOL1 0O0L2 exit this TMON

Mask — -

OO0L2 i Ooo0oL2 +1
\

!

Output Control
CONT/LATCHED
Disable on trigger Inhibit Control Output Log v Output Cmd

ENA/DIS ENA/DIS / ENA/DIS / ENA/DIS
I

|
Inhibit Report | [ 1ssue Command 2

Disable after Set inhibit bits Activity+Log —» Cmd —» RTCS

trigger v




FSW control of High Gain Antenna
Pointing

NOMINAL

track TDRS (east)
slew
track TDRS (west)

/\

ALTERNATE
track TDRS - STOP ScC

track TDRS - PARK (~  ADAC R

TONS . N\
HGAS \ TDRS Orbit Vector

HGA Events Modes EOS Orbit position »
Track TDRSS West/East « Track N TDRS position

EOS Attitude
SSA contact « Calibration \ /

KSA contact  Position

SMA (two way) : Ea}-cei Az & El panting angles
SMA (fwd only) 0

Az & El Step Cmds

to selected TDRS \

Wind

Unwind
Keyhole

@ RF limit Az
@ RF limit EI

@ limit Az <

—

Elevation I_I

.. i Az position
@ limit EI TDRS Orbit Vectors -

El position
Real time Cmds HGA Cmds

Mode Az Step Cmd
Stored Cmds E /W select >

Slew wind / Unwind El Step Cmd

High Gain Antenna Pointing controlled by ADAC FSW
Flight Operations via realtime / stored commands to FSW




TDRS On-board Navigation System

( EOC

Monitor
Doppler Data Quality
# data edits Once per Day
EOS vector vs FDF Upload
TDRS vectors vs FDF /
Xpndr Freq offset

Uplink Tables

g l J

. Navigation Data
TDRSS Orbit Data from HK TIm

S

OPERATION

Prior to Contact

CONTACT

Post Contact

SCC --> Transponder A
Freq control word predict

Transponder --> SCC
Doppler Data

SCC --> Transponder A
Freq control word --> 0

—— Ncompensated
S-Band Forward Link )

SSA --> HGA or Omni
SMA --> HGA

\

S Band Transponder

Doppler Unit

I:) Instruments
Ancillary Data Msg . SC Position __

Housekeeping Tim SC Velocity

Y

2N

Doppler Data

Downlink SSR

Freq. Predict

|

TDRS Orbit Vector (4)
EOS Orbit elements

€

NAV FSW

TDRS Orbit elements

UT1 to UTC offset

Configuration Data




Orbit Adjust (Delta V) Sequence

Preli m nary Maneuver Pl an )
Advanced Orbit Adjust scheduled (Inst notifiedy O~ 710 30days

Planning
Fi nal Maneuver Pl an
( TDRSS, FDFQA'l to 14 days Drag Make up Maneuver

Support requests for maneuver
Maintain £ 20 km ground

Stored command load to support Orbit maneuver ]
Inst cmd sequences to Orb Adj config track accuracy
Max. Every 7 Days

SC in Orbit Adj Mode Nom. Every ~ 30 days
Min  Every 6 months

Thruster / Heaters ENABLE
Dependent on Solar Flux

Drag makeup Burn

Thrusters ARM Cross Track Maneuver

Thruster FIRE L .
“ Maintain Sun-Sync Orbit
Thrusters OFF 10:30 AM +15 min
Thrusters DISARM decending node

Once per Mission

Thruster Heaters DISABLE
Dependent on launch
SC in Standby Mode placement of inclination and
launch node

(‘Inclination correction requires 90 degree yaw
maneuver and is significantly more complex than
the drag make up sequence shown)

SMA Service

TONS convergence, re-establish nav accuracy
within one orbit, subject to TDRSS contacts after maneuver

ADAC convergence, re-establish pointing accuracy
~ one orbit, subject to ADAC filter convergence

Instrument cmd sequences to full operation
SC in Science Mode




